Introduction
The prevalence and incidence of end-stage renal disease have been rapidly increasing worldwide. The number of patients with end-stage renal disease receiving renal replacement therapy was estimated to be 2.6 million in 2010, and it is expected to rise to 5.4 million by 2030. 1 Patients with end-stage renal disease experience multiple symptoms, of which pain is one of the most common symptoms. 2 Studies have reported that pain affected >50% of patients with end-stage renal disease and that a large number of patients were not being effectively treated. 3, 4 activity, likeliness of withdrawal from dialysis, and cardiovascular complications. 5 To relieve pain and improve the quality of life, analgesic therapy is commonly used in patients with end-stage renal disease. 6 However, various conditions may cause pain in these patients including musculoskeletal disease, peripheral neuropathy, peripheral vascular disease, chronic infections, kidney disorders, and dialysis procedure. 3, 5 In addition, patients with end-stage renal disease can have complex medication regimens that may lead to medication-related problems. 7 The aforementioned reasons can cause difficulties in pain management. When selecting pain medications, the type and severity of pain, potential side effects, alterations in pharmacokinetics, comorbid disease states, and drug-drug interactions should be considered. 8 The WHO analgesic ladder is a generally accepted guideline for pain management. 9 According to WHO's pain relief recommendations, NSAIDs are first-line analgesics for relieving mild to moderate pain. However, the available data suggest that NSAIDs should be used with caution in patients with end-stage renal disease because they are associated with increased risks of cardiovascular complications, gastrointestinal bleeding, and compromise of renal function. 5, 6, 10 Although NSAIDs may lead to adverse events, the use of NSAIDs appears to be inappropriately high in patients with end-stage renal disease despite recommendations against their use.
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This may partly be due to the lack of clinicians' and patients' awareness regarding the possible adverse effects of NSAIDs in patients with end-stage renal disease. 14 Although there is a general consensus that the use of NSAIDs should be avoided in patients with end-stage renal disease, limited evidence is available regarding adverse clinical outcomes associated with NSAID use in this population. 14, 15 The present study investigated the association between the use of NSAIDs and the risk of mortality in patients with end-stage renal disease receiving dialysis by using the population-based Taiwan National Health Insurance Research Database.
Material and methods

Data source
The Taiwan National Health Insurance Research Database was used as the data source in the present study. Taiwan's National Health Insurance is a compulsory and singlepayer program that provides health-care coverage to nearly all 23 million residents of Taiwan. 16, 17 
Study population
The study population consisted of patients with end-stage renal disease receiving dialysis, and these patients were identified on the basis of their catastrophic illness certificate. In Taiwan, individuals who require extended treatment because of severe and chronic diseases, such as those with end-stage renal disease requiring long-term dialysis treatment, may apply for the catastrophic illness certificate. Patients are not required to make copayments for medical services if they have catastrophic illness certificates. To receive the catastrophic illness certificate, patients must fulfill the following two requirements: (1) a diagnosis of end-stage renal disease and (2) necessity of receiving long-term dialysis treatment. Once the aforementioned conditions are confirmed by nephrologists and verified by the National Health Insurance Administration, patients can obtain the catastrophic illness certificate. Therefore, we used the catastrophic illness registration file to identify patients with end-stage renal disease who required long-term dialysis therapy. The present study comprised patients aged ≥20 years who had catastrophic illness certificates with the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis code of 585.x between 1998 and 2012. The baseline demographics of the study population were obtained from the registry for beneficiaries. The age of patients was determined at the beginning of dialysis treatment. Baseline comorbidities were determined using the Charlson Comorbidity Index according to the medical records 1 year before the beginning of dialysis treatment. 18, 19 
Statistical analysis
Baseline characteristics were summarized using counts and percentages. The categorical variables of baseline characteristics between NSAID users and nonusers were compared using the chi-square test. To prevent immortal time bias, we used time-dependent Cox regression models to examine the association between NSAID use and all-cause mortality. 21, 22 We treated NSAID use as a time-varying covariate to calculate HRs and 95% CIs for NSAID users compared with nonusers. To reduce the potential residual effect of NSAID use before dialysis, new user design was used in the current study. Patients who received NSAID treatment before follow-up period were excluded. Therefore, study subjects were initially classified as nonusers until they received NSAID treatment, from which time they were then reclassified as NSAID users until the end of follow-up. To observe a dose-response relationship, we further grouped the cumulative NSAID use of NSAID users into three groups: ≤30 DDDs, 31 to 90 DDDs, and >90 DDDs. To verify the dose-response relationship between NSAID use and the risk of mortality, the cumulative NSAID use category was treated as a continuous variable to test for linear trend. A test for linear trend was applied across dose categories. In addition to overall NSAID use, we conducted analyses for the use of nonselective NSAIDs and selective COX-2 inhibitors. Adjusted HRs were computed after adjustment for age, sex, residence area, types of dialysis, opioid use, and baseline comorbidities, including myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, liver disease, dementia, rheumatoid disease, peptic ulcer, hypertension, and diabetes mellitus. Because age, sex, residence area, cardiovascular disease, and opioid use are predictors of mortality in patients with end-stage renal disease, we conducted subgroup analyses to examine whether the mortality risk differed in the presence or absence of these characteristics. [23] [24] [25] [26] All analyses were performed using the SAS System for Windows 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Of the 1 million representative individuals randomly selected from the Taiwan National Health Insurance Research Database, 5,518 patients aged ≥20 years were diagnosed with end-stage renal disease and required longterm dialysis therapy between 1998 and 2012. After excluding 476 patients who began dialysis therapy before 1998, 401 patients who were diagnosed with cancer before follow-up, and 1258 patients who received NSAID treatment 3 months before follow-up, a total of 3,383 patients were included ( Figure 1 ). Among these 3,383 patients with newly diagnosed endstage renal disease, 2623 (78%) used NSAIDs during the follow-up period. Compared with the NSAID nonusers, the NSAID users were younger, more likely to use opioids, and less likely to have myocardial infarction, congestive heart failure, cerebrovascular disease, dementia, hypertension, and diabetes mellitus (Table 1) . Other characteristics, such as sex, residence area, types of dialysis, peripheral vascular disease, chronic pulmonary disease, liver disease, rheumatoid disease, and peptic ulcer, did not appear to differ significantly between the NSAID users and nonusers.
The mean follow-up period of the study cohort was 4.0 years (interquartile range, 1.9-7.2 years), and 1515 patients from this cohort died. In the time-varying multivariable analysis, NSAID use was found to be associated with an increased risk of mortality (adjusted HR, 1.39; 95% CI, 1.21-1.60; Table 2 ). We also analyzed the relationship between the use of two types of NSAIDs, selective COX-2 inhibitors and nonselective NSAIDs, and the risk of mortality.
Likewise, the use of nonselective NSAIDs and selective COX-2 inhibitors was associated with a higher risk of mortality (adjusted HR, 1.36; 95% CI, 1.19-1.55 and adjusted HR, 1.61; 95% CI, 1.42-1.83, respectively; Table 2 ).
A significant dose-response association was observed between the cumulative use of any NSAID and mortality. Adjusted HRs for mortality were 1.32 (95% CI, 1.15-1.53), 1.57 (95% CI, 1.31-1.88), and 1.65 (95% CI, 1.35-2.01) for cumulative NSAID use of 1-30 DDDs, 31-90 DDDs, and >90 DDDs, respectively ( Table 3) . The higher the cumulative use of NSAIDs, the higher was the risk of mortality (P for trend <0.001). A similar dose-response association was observed in nonselective NSAID use. Adjusted HRs for mortality were 1.32 (95% CI, 1.15-1.51), 1.47 (95% CI, 1.23-1.76), and 1.62 (95% CI, 1.31-2.01) for the cumulative nonselective NSAID use of 1-30 DDDs, 31-90 DDDs, and >90 DDDs, respectively (P for trend <0.001). The aforementioned dose-response relationship between cumulative NSAID use and mortality was not observed for selective COX-2 inhibitors (Table 3) .
The most commonly used nonselective NSAIDs were diclofenac, mefenamic acid, and ibuprofen, which were used by 1675 (50%), 1252 (37%), and 701 (21%) study subjects, respectively. The most frequently used selective COX-2 inhibitors were celecoxib, etoricoxib, and rofecoxib, which were used by 710 (21%), 226 (7%), and 96 (3%) patients, respectively. We further analyzed the relationship between the use of these six individual NSAIDs and the risk of mortality. The results showed that the use of diclofenac, celecoxib, and etoricoxib were associated with a higher risk of mortality. Adjusted HRs for mortality were 1.44 (95% CI, 1.28-1.61), 1.57 (95% CI, 1.38-1.79), and 1.69 (95% CI, 1.33-2.16) for diclofenac, celecoxib, and etoricoxib, respectively (Table 4) . A significant dose-response association between individual NSAID use and mortality was observed for diclofenac, but not for celecoxib and etoricoxib. Adjusted HRs for mortality were 1.44 (95% CI, 1.29-1.62), 1.28 (95% CI, 1.00-1.64), and 1.95 (95% CI, 1.33-2.86) for cumulative diclofenac use of 1-30 DDDs, 31-90 DDDs, and >90 DDDs, respectively (P for trend <0.001; Table S2 ).
The results of subgroup analyses revealed that the association between NSAID use and mortality risk across different subgroups remained consistent with entire cohort. After adjusting for baseline characteristics, the use of NSAIDs was associated with a higher risk of mortality in different age, sex, residence area, cardiovascular disease, and opioid use subgroups (Figure 2) . However, the effect of NSAID use on mortality risk was higher for opioid users than opioid nonusers (P for interaction <0.001).
Discussion
Although there is a general consensus that the use of NSAIDs should be avoided in patients with end-stage renal disease because of the potential deleterious effects of NSAIDs, clinical studies on the detrimental effects of NSAIDs on patients with end-stage renal disease remain scant. 6, 10, 14 To the best of our knowledge, this is the first nationwide population-based cohort study investigating the association between the use of NSAIDs and the risk of mortality in patients with end-stage renal disease. Our findings suggest that NSAID use was associated with an increased risk of mortality in the patients with end-stage renal disease. In addition, significant dose-response relationships between NSAID use and mortality were observed in the current study. A single-center cohort study found that baseline NSAID use was not associated with mortality risk in patients with chronic kidney disease. 27 However, due to lacking information about NSAID use during the 6 years follow-up, the study cannot conclude the association between NSAID use and the risk of mortality. The relationship between the use of NSAIDs and an increased risk of mortality has been reported in previous studies for patients with chronic heart failure and myocardial infarction. 28, 29 Although clinical guidelines discourage the use of NSAIDs in patients with cardiovascular disease, the results of these two studies have shown that NSAIDs were used in 34% of patients with chronic heart failure and 42% of patients with myocardial infarction, and their use was associated with an increased risk of death and cardiovascular morbidity. Similarly, although Taiwan chronic kidney disease clinical guidelines recommend that NSAIDs should be used with caution and in reduced doses in patients with chronic kidney disease, 30 our results showed that NSAIDs were used in 78% of the patients with end-stage renal disease receiving dialysis, and their use was associated with an increased risk of [31] [32] [33] The results of a large meta-analysis of 280 placebo-controlled trials and 474 active-controlled trials showed that both nonselective NSAIDs and selective COX-2 inhibitors increased the risks of heart failure and upper gastrointestinal complications. 31 This meta-analysis also reported that diclofenac, ibuprofen, and selective COX-2 inhibitors significantly increased fatal coronary events. Another meta-analysis of 31 large-scale randomized controlled trials found that individual NSAIDs increased cardiovascular risks by varying degrees. 32 The results of this meta-analysis showed that etoricoxib and diclofenac significantly increased the risk of cardiovascular death by approximately four times compared with placebo. These findings indicate NSAID use is associated with increased risks of gastrointestinal complications, cardiovascular adverse events, and mortality. Our findings regarding the relationship between the use of both nonselective NSAIDs and selective COX-2 inhibitors and the risk of mortality are consistent with those of the aforementioned previous studies. In addition, a significant doseresponse relationship was observed between cumulative NSAID use and mortality risk in the current study. NSAIDs exhibit their analgesic, anti-inflammatory, and antipyretic effects by inhibiting COX-1 and COX-2. 33 However, the inhibition of these two types of COXs may disturb normal physiological functions throughout the body, including gastric cytoprotection, kidney function, platelet aggregation, and thrombosis, and subsequently may lead to adverse effects, including gastrointestinal ulcers and bleeding, renal dysfunction, myocardial infarction, heart failure, venous thrombosis, hypertension, and stroke. [33] [34] [35] Studies have indicated that NSAIDs are frequently used in patients with end-stage renal disease who are susceptible to cardiovascular and gastrointestinal complications. 11, 13, 36, 37 However, few studies have investigated the safety of NSAID use in this population. A case-control study reported that the use of nonselective NSAIDs was associated with an increased risk of gastrointestinal bleeding in patients receiving hemodialysis. 36 The results of another case-crossover study indicated that NSAID use resulted in a 1.31-fold increased risk of stroke in patients receiving dialysis. 37 The results of these two studies indicate that NSAID use is harmful to patients with end-stage renal disease. Advances in renal replacement therapy provide the opportunity for patients with end-stage renal disease to prolong their lives; however, mortality in patients with end-stage renal disease remains far in excess of that in the general population. 38, 39 To improve the prognosis of patients with end-stage renal disease, we need to pay attention to the harmful effects of NSAID use.
The major strengths of this study are its nationwide coverage, large study population, complete follow-up, and comprehensive diagnoses and prescription information. The data used in the current study were medical records of 1 million representative beneficiaries who were randomly selected from 23 million insured individuals with minimal selection bias. In addition, we identified NSAID prescriptions by using a nationwide administrative database; this enabled us to obtain detailed NSAID prescription records and prevent recall bias. Furthermore, study patients were verified based on their catastrophic illness certificate to ensure high case validity. Finally, we used the new user design to reduce the potential residual effect of NSAID use before dialysis. This study has several limitations that should be addressed. First, patients can obtain over-the-counter NSAIDs that are not covered by the Taiwan National Health Insurance. Therefore, the use of NSAIDs may be underestimated. Second, it is likely that patients were not fully compliant with NSAID prescriptions. Third, data used in this study are from a claim-based database; accordingly, no detailed clinical information regarding biochemical data, physical activity, body mass index, smoking, and alcohol consumption was available. Fourth, patients' comorbidities were defined according to ICD-9-CM codes in claims data. Only few of these diagnoses were proved to have high positive predict value. 40 Finally, because the Registry of Catastrophic Illness Database of the Taiwan National Health Insurance Research Database provides only the date of death, information regarding the exact cause of death is not available.
Conclusion
In conclusion, a considerable number of the patients with end-stage renal disease experienced acute or chronic pain. However, the results of the current observational study suggested that NSAID use was associated with an increased risk of mortality in the patients with end-stage renal disease and the risk of mortality is proportional to the cumulative use of NSAIDs. Future randomized controlled trials are needed to validate these observational findings. Figure 2 Subgroup analysis of association between NSAID use and all-cause mortality. The reference group was NSAID nonusers. Cardiovascular disease included myocardial infarction, congestive heart failure, peripheral vascular disease, and cerebrovascular disease. 
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